INTRODUCTION
The mud crabs of genus Scylla are distributed throughout the tropical and warm temperature zone in the west Pacific and Indian oceans, commonly inhabiting inlets or estuaries (Keenan, 1999) . In China, Scylla paramamosain is one of the important commercial fishery resources, and aquaculture of S. paramamosain has had a long history (Cowan, 1985) . To conserve and consistently exploit this fishery resource, population genetic research is necessary.
Microsatellite loci have been widely used as genetic markers for various population genetics studies because they are co-dominant, multi-allelic, easily scored, and highly polymorphic (Queller et al., 1993; Abreu et al., 2009; Babiker et al., 2011) . Although some microsatellite markers have been developed in S. paramamosain (Takano et al., 2005; Xu et al., 2009; Ma et al., 2010; Cui et al., 2011) , the molecular information in S. paramamosain is still limited in genetic mapping or molecular-assisted breeding of this species. Here, we report on 13 novel polymorphic microsatellite markers of S. paramamosain developed using 5ꞌ-anchored polymerase chain reaction (PCR).
MATERIAL AND METHODS
Genomic DNA was extracted from muscle tissue following the protocol of the traditional phenol-chloroform extraction with some modifications. A PCR-based library that was enriched for different microsatellite motifs was constructed by the 5ꞌ-anchored PCR technique (Fisher et al., 1996) . Briefly, the sequences that contained microsatellite motifs were amplified by a single primer anchored at the 5ꞌ-end of microsatellite by seven degenerate bases (PCT6: 5ꞌ-KKVRVRV (CT) 6 , K = G/T, V = G/C/A, R = G/A). PCR amplification was carried out in a 25-μL reaction mixture containing 1X PCR buffer (Tiangen, Beijing, China), 0.2 mM dNTPs, 0.2 μM of the degenerate primer, and 1 U Taq polymerase (5 U/μL; Tiangen). The amplification protocol was performed as follows: 95°C for 5 min, 7 cycles of 95°C for 30 s, 60°C for 30 s, and an extension for 1 min at 72°C, then 35 cycles of 95°C for 30 s, 55°C for 30 s, a 1-min extension at 72°C, and a final extension for 10 min at 72°C. The PCR product showed consistent amplicons examined by electrophoresis on agarose gels. The amplicons between 300-1000 bp were purified and were then cloned to yield a genomic library of enriched microsatellites. Positive clones that appeared as single distinct bands on agarose gels were randomly selected for sequencing on an ABI 3730 automated sequencer. Specific primer pairs were designed flanking the microsatellite motifs using Primer Premier 5.0 and were synthesized by the company Genscript (Nanjing, China).
Characterization per locus was carried out based on genomic DNA of 32 individuals. PCR amplification was carried out in a 15-μL reaction mixture containing 1X PCR buffer (Tiangen), 0.2 mM dNTPs, 0.2 μM of the specific primers, and 1 U Taq polymerase (Tiangen, 5 U/μL). The amplification protocol was performed as follows: 95°C for 5 min, 35 cycles of 95°C for 30 s, annealing temperature for 30 s, and an extension at 72°C for 30 s, and a final extension for 5 min at 72°C. The specific annealing temperature per primer is listed in Table 1 . PCR products were genotyped by denaturing 6% polyacrylamide gel electrophoresis (19:1, acrylamide:bis-acrylamide) using silver staining. Allele size was identified according to pBR322 DNA/MspI molecular weight marker (Tiangen).
The polymorphism data, number of alleles per locus (N A ), expected (H E ) and observed (H O ) heterozygosities, and Hardy-Weinberg equilibrium (HWE) were determined by the program Popgene 32 (Yeh et al., 2000) . Polymorphism information content (PIC) was calculated by the formula: PIC = , where P i and P j are frequencies of the i and j allele, respectively (Boestein et al., 1980) . The ARLEQUIN 3.11 software was used to calculate genotypic linkage disequilibrium between these loci (Excoffier et al., 2006) . All results for multiple tests were corrected using Bonferroni's correction (Rice, 1989) .
RESULTS AND DISCUSSION
Of the 80 sequenced clones, 29 primer pairs flanking the microsatellite motifs were synthesized. Among the 29 loci, 13 loci were successfully amplified and shown to be polymorphic. The 13 single loci were distributed in 10 sequences, which have been submitted to GenBank (JN117280-JN117289). Characteristics of the newly developed microsatellite loci and variability validated by 32 individuals of S. paramamosain were summarized in Table 1 . N A for each locus ranged from 3 to 8, with an average of 5.923. H O and H E ranged from 0.500 to 0.875 and from 0.500 to 0.859, respectively. The usual PIC values of microsatellites ranged from 0.427 to 0.981, where 11 loci were highly polymorphic (PIC > 0.5). All of the 13 novel loci obeyed HWE in the sampled population, after Bonferroni's correction (P < 0.0038, adjusted value). There was no null allele, stuttering errors or evidence of allelic dropout in any of the loci analyzed by MICRO-CHECKER (Van Oosterhout et al., 2004; Bonferroni's correction) . No significant linkage disequilibrium was found between all pairs of these 19 loci after Bonferroni's correction (P < 0.0038, adjusted value). None of these 13 loci was similar to any of the sequences in GenBank by a homology search using the BLAST program. Overall, the 13 novel microsatellite loci developed in S. paramamosain were highly polymorphic. They will be helpful in studies of genetic variation, population structure, conservation genetics, and molecular-assisted breeding of this species in the future.
